Objective-To assess whether the underlying aetiology of chronic heart failure is a predictor of exercise performance. Setting-Tertiary referral centre for cardiology. Patients and outcome measuresRetrospective study of maximum exercise testing with metabolic gas exchange measurements in 212 patients with chronic heart failure who had undergone coronary angiography. Echocardiography and radionucleide ventriculography were used to determine indices of left ventricular function, and coronary arteriography was used to determine whether the cause of chronic heart failure was ischaemic heart disease (n = 122) or dilated cardiomyopathy (n = 90). Results-The cardiomyopathy group was younger (mean (SD) age 58.45 (11.66) years v 61.49 (7.42); p = 0.02) but there was no diVerence between the groups in ejection fraction or fractional shortening. Peak oxygen consumption (Ṽ O 2 ) was higher in the dilated group, while the slope relating carbon dioxide production and ventilation (Ṽ E/Ṽ CO 2 slope) was the same in both groups. Both groups achieved similar respiratory exchange ratios at peak exercise, suggesting that there was near maximum exertion. There was a relation between peak Ṽ O 2 and age (peak Ṽ O 2 = 33.9 − 0.267*age; r = 0.36; p < 0.001). After correcting for age, the peak achieved Ṽ O 2 was still greater in the cardiomyopathy group than in the ischaemic group (p < 0.002). Conclusions-Exercise performance for a given level of cardiac dysfunction appears to vary with the aetiology of heart failure. Thus the two diagnostic categories should be considered separately in relation to abnormalities of exercise physiology. The diVerence may in part account for the worse prognosis in ischaemic patients.
Chronic heart failure is a clinical syndrome resulting from heart muscle damage of varying aetiologies. Most commonly in western societies, chronic heart failure is secondary to ischaemic heart disease, but many patients have dilated cardiomyopathies of unknown origin with normal coronary arteries. 1 Less commonly in the developed world, chronic heart failure is due to valvar heart disease. In investigating the pathophysiology of exercise impairment in chronic heart failure, many investigators have grouped patients together regardless of the aetiology of the failure. 2 3 Many previous reports on the aetiology of chronic heart failure have used non-invasive tests. 4 Pilot studies from our group (unpublished) have suggested that a significant proportion of cases could be misclassified between ischaemic and non-ischaemic cardiomyopathies unless coronary angiography was performed. This misclassification may reach 10% and would lessen any diVerences in prognosis between these two main diagnostic categories.
We sought to investigate whether patients with a similar level of cardiac dysfunction had similar exercise performance regardless of aetiology when accurately assessed by coronary angiography. This information could determine whether it is appropriate to group patients together in investigating exercise performance in chronic heart failure.
Methods
We analysed data from 212 consecutive patients from the Royal Brompton heart failure database. All patients referred to the heart failure clinic undergo symptom limited exercise testing with metabolic gas exchange testing when their clinical condition is stable. Only those patients who had undergone coronary arteriography are included in this study. Patients were diagnosed as having dilated cardiomyopathy in the presence of left ventricular dysfunction where the coronary arteries were either anatomically normal or had no coronary artery stenosis greater than 50%.
Exercise testing was undertaken using a modified Bruce protocol, with the patient connected by a one way valve to a respiratory mass spectrometer. Expired gas was analysed to derive oxygen consumption (Ṽ O 2 ), carbon dioxide production (Ṽ CO 2 ), and ventilation (Ṽ E). Patients were encouraged to exercise to exhaustion. Continuous 12 lead electrocardiographic monitoring was used. Patients were excluded if the test was positive or the patient had anginal chest pain on exercise.
Standard echocardiographic measurements of left ventricular function derived from the long axis parasternal window were available in 143 patients. In 166 patients, left ventricular ejection fraction had been estimated using radionucleide ventriculography.
Predicted peak Ṽ O 2 was calculated from the formulae of Wasserman et al 5 which predicts peak Ṽ O 2 on the basis of gender, age, and weight. Raw data were also corrected for age by analysis of covariance using age as a covariate.
Results
The crude data are shown in table 1. The patients with dilated cardiomyopathy were younger but appeared to have the same level of cardiac impairment as estimated by left ventricular ejection fraction and fractional shortening. There was no diVerence between the two diagnostic groups in ejection fraction or fractional shortening. The raw data suggest that peak Ṽ O 2 was higher in the dilated cardiomyopathy group, while the slope relating Ṽ CO 2 and Ṽ E was the same in both groups. Both groups achieved similar respiratory exchange ratios at peak exercise, suggesting that there was at least near maximum exertion in both groups. 6 There was no diVerence between the two groups in the symptoms at peak exercise (shortness of breath in 69.6% of the ischaemic group and 64.4% of the dilated cardiomyopathy group).
Overall there was a significant relation between peak ṼO 2 and age (peak ṼO 2 = 33.9 − 0.267*age; r = 0.36; p < 0.001). The peak ṼO 2 expressed as a percentage of the predicted peak ṼO 2 was significantly greater for the dilated cardiomyopathy group. After correcting for age, the peak achieved ṼO 2 was still greater in the cardiomyopathy group than in the ischaemic group (p < 0.002). There was a weak relation between ṼE/ṼCO 2 and age (ṼE/ ṼCO 2 = 20.5 + 0.26*age; r = 0.20; p = 0.004), but there was no diVerence between the two diagnostic categories. There was a very weak relation between peak Ṽ O 2 and both left ventricular ejection fraction (r = 0.22; p < 0.001) and fractional shortening (r = 0.27; p < 0.001). There was no interaction between measures of left ventricular function and diagnostic category.
Discussion
Previous studies designed to investigate exercise physiology in chronic heart failure have included patients with heart failure regardless of aetiology. 2 3 This approach has potential problems. Patients whose heart failure is secondary to ischaemic heart disease may have widespread vascular disease, and their exercise performance may be limited by peripheral vascular factors. Even in the absence of angina or electrocardiographic changes, such patients may be stopped by myocardial ischaemia manifesting itself as breathlessness. 7 Conversely, patients with a dilated cardiomyopathy may have a skeletal muscle myopathy as part of their illness. This is most obviously seen in genetically determined myopathies. 8 Exercise performance in these patients may be limited by factors other than heart failure. A further complicating feature is that the chronic heart failure syndrome itself is associated with skeletal muscle abnormalities, 9 10 which appear to be related to exercise capacity 11 and may be related to progression of the syndrome.
Most prognostic studies have reported that patients with ischaemic cardiomyopathy have a worse outlook than those with a non-ischaemic aetiology, 12 13 although occasional studies suggest that the reverse may be true. 14 We have found that for a given level of cardiac dysfunction, patients with heart failure due to nonischaemic heart disease have a higher peak Ṽ O 2 than patients with coronary artery disease. This did not appear to be associated with any diVerence in the ventilatory response to exercise as measured by the Ṽ E/Ṽ CO 2 slope. The implication must be that in studying exercise physiology in chronic heart failure the two diVerent groups should be treated separately.
Trial data suggest that there may be diVerential eVects of treatment on outcome in the two aetiological groups. [15] [16] [17] There are no published data on the subject, but it would seem likely that a proportion of patients with chronic heart failure have their aetiologies misclassified. The data from the present study suggest that this misclassification would dilute any eVect of aetiology on prognosis. Coronary arteriography should be considered in patients with heart failure to make a definite diagnosis of the aetiology, so allowing better risk stratification and perhaps in the future allowing for diVerent therapeutic requirements.
LIMITATIONS
This is a retrospective review of data acquired from patients referred to a tertiary referral service for patients with heart failure. There may be referral bias so that only the more limited patients with ischaemic heart disease are referred to our practice. Further, we excluded from analysis an additional 64 patients in the database: 32 patients who had not undergone angiography as they had a past history of myocardial infarction and 22 in whom the principal symptom on exercise was chest pain or who had an electrocardiographically positive exercise test. Fourteen patients had a presumptive diagnosis of dilated cardiomyopathy on the basis of echocardiographic appearances and history but had not undergone coronary arteriography.
We have no data from this survey to enable us to say whether diVerences in exercise capacity are reflected in diVerences in outcome. It is possible that the ischaemic patients were stopping exercise due to "anginal equivalent" or ischaemic left ventricular dysfunction, however, and patients with conventionally "positive" tests were excluded. Forty four patients had resting left bundle branch block. These subjects may have had undetected ischaemia during exercise. Both the dilated cardiomyopathy and ischaemic heart disease groups achieved similar respiratory exchange ratios at peak exercise.
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